The present study was done to determine the activity of licorice root extract on Streptococcus mutans (S. mutans) in comparison to chlorhexidine and fluoride mouthwash. Materials and methods: In the current study, the different concentrations of aqueous and ethanolic licorice root extract were subjected to microbiological assay and zone of inhibition was determined against S. mutans by agar ditch method. Minimum inhibitory concentration (MIC) of aqueous and ethanolic solution was obtained by using broth dilution method and agar dilution method. Chlorhexidine and fluoride mouthwash were kept as a positive control in the present study. One-way ANOVA along with Tukey post hoc test were used at 5% level of significance to analyze data. Results: Mean zone of inhibition of chlorhexidine mouthwash, fluoride mouthwash, aqueous and ethanolic licorice root extracts against S. mutans at 24 hours were 23 mm, 14.2 mm, 15.8 mm and 22.4 mm, respectively. Minimum inhibitory concentration of aqueous and ethanolic licorice root extract on S. mutans was 20 mg/mL and 12.5 mg/mL, respectively by both broth dilution method and agar dilution method. Conclusion: The antibacterial effect produced by ethanolic licorice root extract on S. mutans was comparable to chlorhexidine mouthwash while significantly higher in comparison with aqueous form and fluoride mouthwash. Clinical significance: The interest in the plants with antibacterial and anti-inflammatory activity has increased now days to treat various dental diseases as consequences of current problems associated with the conventional agents. Licorice root is easily available, economically feasible and culturally acceptable and may possess minimal side effects as compared to conventional means of chemicotherapeutic agents used for reduction of S. mutans in oral cavity and hence can be recommended for prevention of dental caries.
IntroductIon
Dental caries is a common problem faced by mankind which poses a serious threat to dental healthcare. 1 The ongoing research for prevention of dental caries is mainly intent upon the techniques to eliminate cariogenic flora from the oral cavity. Streptococcus mutans play a major role in initiation and progression of dental caries. However, it is difficult to abolish S. mutans from tooth surface by mechanical measures alone. Mechanical and chemical plaque control methods when used in adjunct can achieve maximum microbial count reduction. The action of chlorhexidine, fluoride mouthwash and antibiotics is either by minimizing the plaque formation or by reducing the microflora. Nevertheless, the adverse side effects of these agents like tooth discoloration, irritating effect and development of bacterial resistance will be consequently leading to degradation of the efficacy of conventional medicines, thus triggering the exploration of other agents. 2 In India, Ayurveda is considered as an ancient medicinal form, existing since 2000BC. Many drugs used in allopathic medicines as well as alternative medicines have their origin in medicinal plants as they are well recognized source of potential bioactive compounds. 3 Use of plants can be justified because of less cost, easy availability, easy absorption with no or minimal adverse effect. 4 There have been numerous reports of use of traditional plants and their products for treatment of oral diseases. Many plants and chewing sticks were reported to inhibit the growth of many microorganisms mainly S. mutans, thus can help in prevention of dental caries. 5 Glycyrrhiza glabra (licorice) which is also known as Yashti Madhu in Hindi and Jethi Madhu in Gujarati is having its own medicinal value. The Egyptians, Greeks and Romans have utilized this medicine to treat different types of illness. 6 Licorice contains more than 20 titerpenoids and nearly 300 flavonoids. Among them glycyrrhizin (GL), 18-β-glycyrretinic (GA), liquitigenin (LTG), licochalcone A (LCA), licochalcone E (LCE), licorisoflavan A and glabridin (GLD) are main active components which possess antimicrobial and antiviral activities. 7, 8 The cork layer of rhizome
Preparation of Aqueous and Ethanolic Extract of Licorice Root
Roots of plant were sun dried for 2 days and powdered using a mechanical grinder. Aqueous solution of licorice root was prepared by mixing 30 g of dry powder in 150 mL of distilled water in a flask with gentle shaking. Ethanolic solution of licorice root was prepared by mixing 30 g of dry powder in 150 mL of 70% (w/v) ethyl alcohol for 7 days in a flask with gentle shaking. After that, the filtration of aqueous and ethanolic extract was done firstly through a muslin cloth for coarse residue and finally through Whatman no. 1 filter paper. Both the prepared solutions were then kept in an airtight amber colored container and stored at 4°C for further use (Fig. 2 ).
Microbial Analysis
The microbial strain used in the study was S. mutans American type culture collection (ATCC) 25175. The strain was collected from ATCC, USA ( Fig. 3 ).
Revival of Organisms
Brain heart infusion (BHI) broth was used to reconstitute freeze dried form of bacterial strains. Reconstituted bacterial strains were revived by plating on blood agar medium and incubated at 37°C under capnophilic condition in candle jar for 48 hours. After confirming the identities of organisms, colonies were picked up from appropriately incubated agar cultures to sterile BHI broth to make suspension of test organisms and once again incubation was done overnight. The growth concentration was adjusted to match McFarland 0.5 turbidity standard (approximately 1.5 × 10 8 cfu/mL).
Agar Ditch Plate Method for Evaluating the Antibacterial Properties
By using swab technique, approximately 100 μL of S. mutans strain were inoculated on Petri dish containing 15 mL of BHI agar. With the help of a sterilized standard device, wells of 8 mm diameter were cut into solidified agar media and in the respective well, 100 μL of aqueous licorice root extract, ethanolic root extract, chlorhexidine mouth wash and fluoride mouthwash were poured. The plates were then subjected to incubation at 37°C for 24 hours. To enhance the efficacy of the results, the experiment was conducted three times under stern sterile condition. The antibacterial activity of each extract was shown through mean of diameter of zone of inhibition (in mm) produced by each extract at the end of incubation period ( Fig. 4 ).
Minimum Inhibitory Concentration determination by Broth Dilution Method
A total of 8 test tubes having total 2 mL solution of BHI and licorice root extract was prepared which shows concentration of active licorice root extract ranging from 50, 35, 30, 20, 12.5, 6, 4, 2.5, 1.25 mg/mL. To each 8 of such prepared tubes with different concentration, 2 mL of already constituted suspension of S. mutans was supplemented in such a manner that the ultimate volume of tube came out to be 4 mL. One test tube containing only broth and S. mutans strain was kept as positive control and one test tube containing only broth and licorice solution was kept as negative control. All test tubes were incubated at 37°C for 24 hours.
To determine the MIC of extract more accurately and for confirmation of results, agar dilution method was used. 
Minimum Inhibitory Concentration determination by Agar Dilution Method
Agar dilution assay was used to assess the susceptibility of S. mutans to licorice extract at different concentration, as recommended by the Clinical Laboratory Standards Institute (CLSI). 11 Dilutions of licorice root extract were formulated in Mueller-Hinton agar (MH agar) plates according to standard procedures. After solidification, the plates were incubated at 37°C for 2 hours in order to dry the agar surface.
The assay plates were estimated to have 50, 35, 30, 20, 12.5, 10, 6, 4, 2.5, 1.25 mg/mL active licorice extract. Inocula were applied to agar surface in 1 sq. cm. Plates without added extract were inoculated as positive control. All plates were incubated at 37°C for 24 hours. The MIC was considered as the lowest concentration of extract which shows no growth of organism, as compared to positive control.
All the agents were given code during procedure. Coding and decoding of agents were done by the laboratory person who was unaware about the objectives of the study. Zone of inhibition were measured by two examiners. Inter examiner variability was calculated by re-examining 5% of samples, which gives kappa value of 0.86 (almost perfect agreement).
Statistical Analysis
The data were analyzed by using SPSS version 17. Multiple group comparison was done by applying one-way ANOVA test, subsequence by Tukey post hoc for groupwise comparison. Level of significance was kept at 5%.
results
At the end of 24 hours, all the solutions showed anti-microbial activity against S. mutans. Figure 5 shows mean zone of inhibition of different solutions on S. mutans at 24 hours by agar ditch method. Amongst all the solutions, inhibitory effect produced by chlorhexidine mouthwash against S. mutans was almost similar to ethanolic licorice root extract, while much higher when compared to aqueous licorice root extract and sodium fluoride mouthwash. Table 1 reveals antibacterial activity of different solutions on S. mutans at 24 hours by agar ditch method. Multiple groupwise comparison showed statistically significant difference amongst different groups. To assess groupwise significant difference, Tukey post hoc test was performed which showed that inhibitory effect produced by chlorhexidine mouthwash and ethanolic licorice root extract against S. mutans were statistically higher than aqueous licorice root extract and sodium fluoride mouthwash. No statistically significant difference observed between chlorhexidine mouthwash and ethanolic licorice root extract and between aqueous licorice root extract and sodium fluoride mouthwash. Table 2 shows MIC of aqueous licorice root extract on S. mutans by broth dilution method and agar dilution method. The results of broth dilution method and agar dilution method are comparable. By both methods, S. mutans showed sensitivity to aqueous licorice root extract to 50 mg/mL, 35 mg/mL, 30 mg/mL and 20 mg/mL Table 3 reveals MIC of ethanolic licorice root extract on S. mutans by broth dilution method and agar dilution method. The results of both methods are similar. In both methods, S. mutans demonstrated sensitivity to ethanolic licorice root extract to the concentration of 50 mg/mL, 35 mg/mL, 30 mg/mL, 20 mg/mL and 12.5 mg/mL and started demonstrating resistance from 10 mg/mL to 1.25 mg/mL. Hence, MIC of ethanolic licorice root extract was kept at 12.5 mg/mL.
dIscussIon
Despite the advances in field of dentistry, dental caries continue to be a crucial public health problem and imposing a significant burden to healthcare services especially in developing countries. 12 Caries initiation and progression occurs due to dental plaque and bacterial adherence to the susceptible tooth surface which produces acids from fermentation of dietary carbohydrate, ultimately leading to cavitation in the tooth. 3 Prevention is better than cure. Dental caries prevention in an individual can be targeted either by enhancing the host capacity against response to any kind of insult or alleviating cariogenicity of bacteria and/or promoting less caries inducing food habits. 3 In India, the use of different parts of several medicinal plants to cure specific ailments has been in vogue from ancient times. Licorice is a perennial herb or under shrub. It is used as traditional medicine for household remedy against various human ailments from antiquity. 13 Licorice root is rich in many compounds, the pivotal being a glycoside, glycyrrhizin which possess a similar structure and activity as adrenal steroids. It possesses good antibacterial, anti-histaminic, anti-fungal, anti-oxidant and anti-inflammatory activity. 14, 15 In India, it is commonly used to treat respiratory problems, i.e., for allaying cough and to treat sore throat and as a tonic, diuretic, demulcent and laxative. 3 Despite of its wide use in medical field, less literature is published on uses of licorice in dentistry. Hence, the present study was carried out to analyze the activity of aqueous and ethanolic licorice root extract on S. mutans.
Chlorhexidine and sodium fluoride mouthwash had been used as positive control in the present study which is most commonly used as an antimicrobial agent against S. mutans. Chlorhexidine gluconate, which is charged positively, has high affinity for negative ions found in cell membranes of microorganism. It instigates condensation of cytoplasmic protein and nucleic acid. It abolishes the function of phosphoenolpyruvate-phosphotransferase sugar transit system and hence significantly halts the acid production in oral streptococci. 16 The effects of fluoride on streptococcal cells are partly ascribed to the inhibition of enolase enzyme and thus preventing conversion of glucose to lactic acid, thereby retards acid production in oral streptococci. 17, 18 At higher concentration, it might act as bactericidal. 18 Various studies have shown sodium fluoride mouth rinse (0.2%) to be effective in reducing S. mutans counts. [19] [20] [21] [22] *p < 0.01, statistically highly significant; SD, standard deviation; 1-chlorhexidine mouthwash (0.2%); 2-sodium fluoride mouthwash (0.2%), 3-ethanolic licorice root extract; 4-aqueous licorice root extract **Results for Tukey post hoc test for group wise comparison p < 0.05 for group wise comparison between chlorhexidine mouthwash and sodium fluoride mouth wash and between chlorhexidine mouthwash and aqueous licorice root extract p < 0.05 for group wise comparison between ethanolic licorice root extract and sodium fluoride mouthwash (0.2%) and between ethanolic licorice root extract and aqueous licorice root extract A limited comparison of the present study to other studies can be done as from the available literature it has been found that only few in vitro studies have assessed the effects of licorice root on S. mutans.
In the present study, ethanolic licorice root extract showed anti-microbial activity comparable to that of 0.2% chlorhexidine mouthwash. Results are in agreement with the studies conducted by Lingaraj et al., 3 Sedighinia et al., 7 Geetha et al. 14 and Ahn et al. 23 It was unexpected that ethanolic licorice root extract would give significantly higher inhibitory effect than sodium fluoride mouthwash. Although fluoride is established as an effective anti caries agent, this is a first study of its kind which has compared the anti-bacterial activity of licorice root extract on S. mutans in comparison with sodium fluoride mouthwash.
The antibacterial activity of licorice might be attributed to one of its main ingredients, glycyrrhizin, which dose-dependently inhibits the glucosyltransferase activity of mutans streptococci, which is involved in the formation of insoluble glucans required in biofilm formation. 24 Hu et al. 25 discovered a novel compound, glycyrrhizol A, from the extract of liquorice roots, which exerted strong antimicrobial action against cariogenic bacteria.
Amongst aqueous and ethanolic licorice root extract, ethanolic extract exhibited significantly higher inhibitory rates compared to aqueous form and hence showing less MIC value than aqueous form. Results are in comparison with the studies conducted by Lingaraj et al., 3 Jain et al. 26 This might be because of more effective dissolving capacity in alcohol, 3 greater bio availability (hence intensifying bio activity) 3 or polar nature of solvent (ethanol), which resulted in leaching of more active ingredients during extraction. 26 
conclusIon A n d clInIcAl sIgnIfIcAnce
The present study offers a scientific basis for the use of licorice root extract against S. mutans. The well-known side effects of chlorhexidine, i.e., staining of teeth and restoration and altered taste sensation may limit the long-term use of chlorhexidine. In comparison, licorice root is easily available, economically feasible and culturally acceptable and may possess minimal side effects and hence can be recommended for further use. Since, the present study is in vitro; the duration of the contact of the extract with microorganisms in the oral cavity in vivo is not established. Therefore, more scientific work needs to be carried out to prove the efficacy and for recommendation of ideal clinical protocols using this material especially in this era when holistic integrated medicine approach is the need of the hour. If further studies show promise, it can be used as mouthwash or as viscous suspension or gel as an anti caries agent. For infants, liquorice can be incorporated in infant swipes and pacifiers, which would serve as non cariogenic sweet tasting alternative to commonly used honey dipped pacifiers.
